Seven pure-culture strains of fungi cultivated by attine ants (ant-garden fungi) were isolated from locally maintained leaf-cutting ant colonies. An ant-garden fungus strain obtained from an Atta cephalotes colony, when offered to ants of the colony from which the fungus was isolated, was accepted as their own. Young fungus cultures were harvested and incorporated into the fungus garden, and cultures of intermediate age were used to begin a new fungus garden; old cultures were simply harvested. To facilitate further research on this fungus, growth characteristics of the different isolates were studied under a variety of conditions. They grew better at 24°C than at 30°C, and growth did not occur at an incubation temperature of 37°C. In a broth culture medium, growth was enhanced by aeration of the culture and by addition of yeast extract, olive oil, sesame oil, peanut oil, soybean oil, corn oil, sunflower oil, cottonseed oil, walnut oil, safflower oil, or mineral oil. Glycerol did not noticeably affect growth, but Tween 80 inhibited growth. These fungi were extremely sensitive to cycloheximide, growth being totally inhibited at cycloheximide concentrations ranging from 0.4 to 4.0 ,ug/ml. To date, the ant-garden fungus isolates have remained viable in long-term mineral oil-overlay storage cultures for up to 4 years.
For some time, we have been involved in studies that use leaf-cutting ants and the mutualistic fungus cultivated by these ants. Up to now, our work has centered around the chemical ecology of host plant selection (5) and the antifungal activities of crude plant extracts and of purified natural compounds that were found to deter leaf-cutting ant attack (4) . In this report, we describe certain microbiological characteristics of the fungus cultivated by attine ants.
The mutualistic fungus of the attine ants is an extremely slow-growing fungus when cultivated on common laboratory media. Consequently, assays for antifungal activity, or studies designed to obtain fundamental physiological information about the organisms, are quite arduous and must be run over time periods of from several weeks to several months in order to yield meaningful results. Since relatively little has been published in the way of microbiological studies on the mutualistic fungus itself, a series of studies was undertaken to more specifically characterize optimal conditions for its growth.
The specific identity of the fungus cultivated by attine ants has been a subject of some controversy; moreover, it has not been demonstrated that all attine ant colonies use the same organism for their fungus gardens. The term ant-fungus, sometimes used (3, 10, 11) to describe pure-culture isolates of the symbiotic fungus cultivated by attine ants, is ambiguous and inadequate from the standpoint of proper microbiological nomenclature. In order to minimize ambiguity, we will refer to the fungus, or group of fungi, cultivated by these ants as the ant-garden fungus.
MATERIALS AND METHODS
Isolation of the ant-garden fungus. Most of our own ant colonies were collected from a tropical deciduous forest in Santa Rosa National Park, Guanacaste Province, Costa Rica; each colony contained one queen. The colonies were maintained in Plexiglas boxes in an insectarium at the Department of Biology, University of Iowa. The room was maintained at 23°C and 40 to 60% relative humidity on a 12 h-12 h light-darkness cycle. Colonies were fed fresh lilac leaves in season and frozen leaves during winter months.
Specimens of fungus garden material ranging in size from 1 to 2 cm3 were removed from individual colonies of fungus gardens cultivated by the ants and were stored temporarily in sterile test tubes. The fungus garden material was placed in a sterile petri dish and separated into small pieces with sterile dissecting needles, and the ants remaining on the material were removed with sterile forceps.
In order to minimize the number of extraneous bacteria and airborne-fungus spores present on specimens, the fungus garden material was washed with successive changes of distilled water as follows. The small pieces of fungus garden material were suspended in 10 ml of sterile distilled water, vigorously vortexed, and centrifuged briefly to sediment the particles. The supernatant fluid was carefully decanted and replaced with 10 ml of fresh sterile distilled water, and the process described above was repeated through a total of five successive washes.
Following the last wash, the fungus garden particles were resuspended in 1 prepare individual cultures for long-term storage. Sterile mineral oil was pipetted into each slant culture in sufficient volume to allow for an excess of the oil to extend about 1 cm above the upper edge of the slant. The screw caps were tightened, and the cultures were stored upright at room temperature. Viability tests were performed on the mineral oil-overlay storage cultures by making subcultures onto fresh potato dextrose agar slants incubated at room temperature. A sterile stiff-wire inoculating needle was inserted through the mineral oil layer, and a piece of fungus mycelium was removed from the surface of the agar slant. The inoculum was then introduced into the surface of a fresh potato dextrose agar slant by deliberately slashing the medium with the needle to ensure that the oil-covered mycelium would make direct contact with the culture medium.
Recognition of the ant-garden fungus by leaf-cutting ants. A pure-culture isolate of the fungus was grown on 50 ml of Sabouraud dextrose agar contained in a 500-ml Erlenmeyer flask, and individual cultures of five different saprophytic fungi isolated from the same ant colony material were prepared in a similar manner. Six flasks, each containing one of the test cultures, were connected one at a time to the ant colony with a Tygon tube (Sani-Tech), and the behavior of the ants toward the cultures was observed.
In order to determine whether there might be a difference in response to young or old cultures of the ant-garden fungus, culture medium in Erlenmeyer flasks, as described above, was inoculated with fungus at 2-week intervals over a period of 3 months. The flasks, containing cultures of different ages, were attached to the ant colony and observed in order to determine preferences exhibited by the ants for individual cultures.
Effect of incubation temperature on growth of the antgarden fungus. Cultures of ant-garden fungus strain AF-1 were prepared in Sabouraud dextrose agar or broth medium contained in Erlenmeyer flasks to compare growth at 24°C and at 30°C. Potato dextrose agar slants were inoculated with fungus to test for growth of all eight ant-garden fungus strains at 37°C. Effect of aeration on growth of the ant-garden fungus. Sabouraud dextrose broth cultures were prepared in 100-ml volumes in 500-ml Erlenmeyer flasks. Duplicate sets of medium were prepared with and without supplements of 1% yeast extract, 1.0 ml of olive oil, or 1.0 ml of oleic acid. After inoculation of the media, one set of cultures was incubated as stationary cultures and the other set was incubated on a Gyrotory shaker (New Brunswick Scientific Co., Inc., Edison, N.J.) at 190 to 200 rpm at room temperature for periods of up to 5 weeks.
Effects of yeast extract, oils, and Tween 80 on growth of the ant-garden fungus. Sabouraud dextrose broth and Sabouraud dextrose broth enriched with 1% yeast extract were prepared in 100-ml volumes contained in 500-mi Erlenmeyer flasks. Individual flasks of medium were supplemented with 1 ml of one of the following vegetable oils: olive, sesame, peanut, soybean, corn, sunflower, cottonseed, walnut, and safflower. Other supplements were mineral oil, glycerol, and 0.1 to 2.0% concentrations of Tween 80. The culture media were inoculated with individual ant-garden fungus strains and incubated as stationary cultures at room temperature for 10 weeks.
RESULTS
After small pieces of washed fungus garden material were inoculated onto plates of culture medium, colonies suspected of being the slow-growing ant-garden fungus became noticeable within 3 to 4 weeks. At that time, subcultures were made from isolated colonies onto potato dextrose agar slants and incubated at 24°C until an amount of growth sufficient to allow for microscopic examination was present. Identification of an isolate as an ant-garden fungus was based on the following criteria: (i) a lack of spore production and the presence of gonglydia when examined by microscopy, (ii) macroscopically evident staphylae in the aerial mycelium of a growing culture, and (iii) extremely slow growth.
At present, our culture collection of ant-garden fungus strains consists of eight individual isolates. (10) , but it is not clear from his report whether an ant-garden fungus isolate was obtained free from contaminating organisms or whether the fungus grew on culture medium along with a mixture of other organisms. After eliminating many surface contaminants by washing the fungus garden material with sterile distilled water, we were able to obtain individual, wellseparated colonies of the ant-garden fungus.
Although isolated colonies of the fungus appeared on most media used, it grew best on medium containing appreciable amounts of free carbohydrate and an organic nitrogen source, a finding also noted by Weber (10) and by Martin et al. (9) . Martin (7, 8) and Boyd and Martin (1) reported that the ant-garden fungi grow better on hydrolysates of polypeptides than when nitrogen is supplied as a peptone or polypeptide, presumably because the fungus does not secrete significant amounts of proteolytic enzymes when growing under pure-culture conditions.
The rently are in progress and will be reported in a subsequent paper.
